End modification of a linear DNA duplex enhances NER-mediated excision of an internal Pt(II)-lesion.
The study of DNA repair has been facilitated by the development of extract-based in vitro assay systems and the use of synthetic DNA duplexes that contain site-specific lesions as repair substrates. Unfortunately, exposed DNA termini can be a liability when working in crude cell extracts because they are targets for DNA end-modifying enzymes and binding sites for proteins that recognize DNA termini. In particular, the double-strand break repair protein Ku is an abundant DNA end-binding protein that has been shown to interfere with nucleotide excision repair (NER) in vitro. To facilitate the investigation of NER in whole-cell extracts, we explored ways of modifying the exposed ends of synthetic repair substrates to prevent Ku binding and improve in vitro NER efficiency. Replacement of six contiguous phosphodiester linkages at the 3'-ends of the duplex repair substrate with nuclease-resistant nonionic methylphosphonate linkages resulted in a 280-fold decrease in binding affinity between Ku and the modified duplex. These results are consistent with the published crystal structure of a Ku/DNA complex [Walker et al. (2001) Nature 412, 607-614] and show that the 3'-terminal phosphodiester linkages of linear DNA duplexes are important determinants in DNA end-binding by Ku. Using HeLa whole-cell extracts and a 149-base pair DNA duplex repair substrate, we tested the effects of modification of exposed DNA termini on NER-mediated in vitro excision of a 1,3-GTG-Pt(II) intrastrand cross-link. Methylphosphonate modification at the 3'-ends of the repair substrate resulted in a 1.6-fold increase in excision. Derivatization of the 5'-ends of the duplex with biotin and subsequent conjugation with streptavidin to block Ku binding resulted in a 2.3-fold increase excision. By combining these modifications, we were able to effectively reduce Ku-derived interference of NER excision in vitro and observed a 4.4-fold increase in platinum lesion excision. These modifications are easy to incorporate into synthetic oligonucleotides and may find general utility whenever synthetic linear duplex DNAs are used as substrates to investigate DNA repair in whole-cell extracts.